consent form. Ethical approval was obtained from the ethics clearance committee of the health administration at "Renzetti" Hospital.
patient inclusion and exclusion criteria
Adult patients (18 years or older) affected by CTS were eligible for participation in this trial.
General Inclusion Criteria
Inclusion criteria included a clinical diagnosis of CTS, suspected on the basis of symptoms (dysesthesia, paresthesia, and hypesthesia in the innervation territory of the median nerve) and signs (Phalen test and/or positive Tinel test, prehension deficiency), and confirmed by 1) an electromyography study; 2) previous treatment with the same pharmacological (NSAIDs) and physical therapy (ultrasound and low-level laser) options administered for at least 6 months without improvement; or 3) a Bland score 3 greater than or equal to 3 (according to the Bland neurophysiological classification).
General Exclusion Criteria
The exclusion criteria were anatomical variations of the median nerve and the surrounding structures, flexor tenosynovitis, and incidental space-occupying lesions 16 identified by an ultrasound wrist scan; a history of or current associated upper-limb injuries due to orthopedic, neurological, rheumatological, or metabolic disorders (e.g., diabetes mellitus, thyroid diseases); pregnancy; or Body Mass Index greater than 30.
randomization protocol
The patients who fit the inclusion criteria (220 patients: 58 men and 162 women, mean age 55.4 years) were randomized to 2 different groups. Patients in Group A received DTT: 110 patients, mean male/female ratio 1:2.79, mean age 55.8 years, and mean Bland score 4.25. Patients in Group B (control) were treated with standard open median nerve decompression: 110 patients, mean male/ female ratio 1:2.81, mean age 54.9 years, and mean Bland score 4.03 (Table 1) . Both the patients and the treating surgeon were aware of treatment assignment, which was unknown until inclusion and randomization. During the follow-up period, the participants were evaluated by the same blinded observer (who was different from both the surgeon and the observer appointed to wound care), which was possible because the patients were instructed to cover their scar with a sticking plaster before the examination.
Study outcomes
The primary outcomes were the functional Boston Carpal Tunnel Syndrome Questionnaire (BCTSQ) scores and visual analog scale (VAS) scores for pain (pVAS) at Weeks 2 and 4, and at Months 3, 6, and 12. Secondary outcome was the aesthetics (aVAS) score at Weeks 2 and 4, and at Months 3, 6, and 12.
Statistical analysis
Statistical analyses were performed independently by a nonclinical investigator assistant. The Student t-test and ANOVA were used, and results were considered statistically significant if the p value was ≤ 0.05 for continuous variables. The data were analyzed using standard statistical software.
postoperative indications
All patients received the same postoperative protocol: a compression bandage of the treated wrist for 3 days; pharmacological therapy (NSAIDs, a single dose per day) for 1 week; sticking plaster replacement every 3 days; and stitches removed after 12 days. In these cases, the wound care was performed by another observer different both from the surgeon and from the observer appointed to conduct the postoperative score evaluation in a blinded fashion. The patients were instructed not to perform activities that required a complete wrist flexion or extension, or those requiring repetitive movements of fingers or prolonged isometric grip for the first 15 days.
Surgical technique
All the surgical procedures, both the DTT and the standard technique, were performed by the same surgeon.
Double tunnels technique
All procedures were performed under local anesthesia (carbocaine 2%, 5 ml) and using an upper-arm tourniquet. A longitudinal skin incision approximately 0.6 ± 0.05 cm (Figs. 1 and 2 ) was made distally to the proximal wrist crease, along a longitudinal line virtually drawn from the third finger web space to the wrist. 1, 5 To our knowledge, the other minimally invasive techniques require larger incisions. After the skin was incised, a couple of retractors were placed perpendicular to the incision to expose a layer of subcutaneous fat. Subsequently, 2 small Ragnell retrac- tors (3 mm width) (Fig. 3) were placed parallel to the incisions (Fig. 4) .
Once the palmar fascia (PF) was identified, a small transverse incision (about 5 mm) was done where the antebrachial fascia continued with the PF. In this way the PF was lifted up (Fig. 5) to create the first "subfascial" tunnel between the PF, which was maintained intact, and the transverse carpal ligament (TCL). Subsequently, the proximal edge of the TCL was cut through a small incision (about 5 mm) (Fig. 6 ) and the second "subligamentous" tunnel between the TCL and median nerve was obtained (Fig. 7) . The tunnels were both created by blunt dissection and in the direction of the third web space.
The blunt jaws of the dissecting scissors ( Fig. 8 ) were then inserted in this so-called anatomical binary (Fig. 9 ). Along the longitudinal line virtually drawn from the third web space to the wrist, the TCL was completely divided (Fig. 10 ). Although the ligament was sliced blindly, it was performed within the safe zone according to the Martin classification. 1, 5, 23 To avoid iatrogenic damage to the nerves, it is enough to respect certain anatomical criteria. Watchmaker 35 et al. showed that the palmar cutaneous branch of the median nerve appears 2.09 ± 0.31 cm from the distal wrist crease. Samarakoon et al. 28 revealed that the palmar incision must not be extended more than 8.16 mm from the proximal border of the TCL, to avoid inadvertently dividing the palmar cutaneous branch. Therefore, it is possible to avoid injuries of the recurrent branch and palmar cutaneous branch of the median nerve through a longitudinal palmar incision placed 5 mm ulnar and 6 mm radial to the junction between the longitude of the third finger and distal skin crease and extended not more than 8.16 mm proximally from the corresponding TCL border (safe area).
28,35
Furthermore, it must be considered that an incomplete section of the TCL is a current problem, common to both minimally invasive and open techniques. 26 However, in the first approach the risk of an incomplete release is due to inadequate visualization of the TCL. 26 On the contrary, the DTT does not require a global and direct visualization of the ligament for its total section to be performed. In fact, the tunnels above and below the TCL allow the placement of safety jaw scissors and the TCL can be safety dissected, although under indirect visualization. Before surgery it is mandatory to use the hook of the hamate as a landmark, to avoid damage to the superficial palmar arch and to obtain a complete TCL blind dissection. 6 In fact, the distal aspect of the retinaculum lies 1 cm distal to the hamate hook, and the position of the superficial palmar arch lies approximately 2.5 cm distal to the hamate hook. 7 It is possible to mark on the palm of the hand the position of the superficial palmar arch and distal extent of the retinaculum. [6] [7] [8] Because the mean length of the flexor retinaculum is 2.7 cm, 28 it is possible to completely dissect the TCL without the risk of superficial palmar arch damage. During surgery it is also possible to perform an ultrasonographic evaluation to assess the complete section of the TCL. In case of damage to the superficial palmar arch, it is mandatory to obtain hemostasis through compression and topical hemostatic agents; otherwise it could be necessary to convert to the open approach.
The incision was closed with an intradermal interrupted suture (6-0 absorbable material) (Fig. 11 ) and covered with a soft dressing. A compressive wrap and ice were applied for 30 minutes. The patients were encouraged to cautiously move their fingers and wrist early after the operation, without wearing any brace.
Standard technique
Standard open median nerve decompression 25 was done via an interthenar approach. A longitudinal incision was made (mean length 3 ± 0.5 cm). It extended distally to the distal wrist crease, along a longitudinal line virtually drawn from the third web space to the wrist. 1, 5 Subsequently, subcutaneous fat was exposed and 2 small retractors were used to reach the longitudinally oriented fibers of the PF, which was finally incised. 25 Through 2 retractors placed deep to the fascial edges, the transverse fibers of the TCL became identifiable. 25 The TCL was divided longitudinally along its ulnar aspect, from distal to proximal.
results
The dominant limb and the nondominant one were involved in 85% and 15% of the patients, respectively. The mean time of surgery was 18.2 ± 5 min in Group A and 13.9 ± 2 min in Group B (control) ( Table 2) . Preoperative clinical evaluation and postoperative follow-up were performed using the BCTSQ, evaluating the "quintet symptoms" (wrist pain, night pain, numbness, stiffness, and weakness). 2 Preoperative wrist pain, night pain, and numbness were the most troublesome symptoms in our patients' opinion, and they showed the highest prevalence. After surgical treatment, clinical improvement was obtained in both groups, but with several differences.
Wrist pain and stiffness were less intense in Group A, with lower BCTSQ scores since the end of the 2nd week (mean values: 12.7 ± 1.4 vs 27.2 ± 3.1 for Group A and B, respectively). At Week 4, wrist pain and nocturnal pain had almost disappeared in the patients in Group A, who reported lesser weakness than those in Group B (mean values: 6.4 ± 1.3 vs 16.2 ± 2.2 for Group A and B, respectively). The BCTSQ scores at Month 3 were globally lower in Group A (mean values: 2.1 ± 1.1 vs 8.3 ± 1.8 for Group A and B, respectively), whereas at Month 6 (mean values: 0.8 ± 0.1 vs 8.1 ± 1.2 for Group A and B, respectively) and even more so at Month 12, this difference was significantly reduced (mean value: 0.1 ± 0.03 vs 1.9 ± 0.9 for Group A and B, respectively) ( Table 3) .
According to the pVAS, postoperative pain was significantly less in Group A. The mean pVAS value was 2.1 ± 0.5 in Group A and 4.9 ± 0.5 in Group B. The average time required to return to work was 10.2 ± 3.6 days in Group A and 25.3 ± 5.2 days in Group B.
Aesthetic aspects were not neglected ( Fig. 12) : we evaluated the aesthetic outcomes according to an aVAS, asking patients to quantify from 1 to 10 their satisfaction about the surgical scar. At Month 12, the mean value was 9.4 ± 0.5 in Group A and 6.4 ± 0.5 in Group B (Table 2 ). In the DTT group there were neither neurovascular complications nor tendon injuries, whereas in the open median nerve decompression group, 4 cases of iatrogenic injuries of the palmar arches branches occurred, leading to more intraoperative bleeding and longer surgical time.
A clinical definition was used to recognize hypertrophic scars and keloids. 34 Hypertrophic scars remain within the borders of the early surgical wound. On the contrary, keloids extend beyond the borders of the wound. A scar was defined as painful if the patient reported surgical scar pain or discomfort at the end of the wound healing process. 34 In Group A only 2 cases of hypertrophic scars were observed, but no painful scars, whereas in Group B there were 13 cases of hypertrophic and 11 cases of painful scars.
Only 1 patient treated by DTT underwent open revision surgery, whereas this occurred in 12 cases in Group B. Furthermore, in Group A no pillar pain phenomenon was noticed, contrary to Group B (19 cases). No infection occurred in either group (Table 4) . Finally, with regard to the global satisfaction, the patients in Group A showed better outcomes, especially in the earlier stages of the follow-up. Statistical analyses were performed independently by a nonclinical investigator assistant. The Student t-test and ANOVA were used and the results were considered statistically significant if the p value was ≤ 0.05 for continuous variables. The data were analyzed using standard statistical software. The statistical analyses allowed us to determine that the differences between the 2 groups are not random and that therefore the null hypothesis (that is, no differences between the 2 groups) must be rejected.
Discussion
Carpal tunnel syndrome is the most common canalicular syndrome. To reduce complications and adverse events related to the surgical procedures, several techniques have been described over the years: classic or standard open approaches, single or multiportal endoscopic approaches, and mini-open approaches. 4, 13, 20, 33 The standard technique was considered the best approach in the past, and thus it represents the basis for comparison. Although it allows a direct visualization of the neurovascular structures, it has been associated with several complications such as painful scars, neuromas, and pillar pain. 25, 29 For these reasons the endoscopic approaches were developed. DaSilva et al. 9 showed that endoscopic surgery saves unmyelinated nerve fibers at the interthenar fold. These fibers derive from the cutaneous palmar branches of the median nerve, located in the loose connective tissue that is situated superficial to flexor reti- naculum. It must be considered that other structures such as the vascular branches of the superficial palmar arch, placed within a protective layer of adipose tissue, can also be damaged in this type of approach. 27 Serra et al. 30 established that there is a direct relationship between postoperative wrist pain and the extent of subcutaneous adipose tissue damage.
Other studies compared the standard and endoscopic approaches. The short-term results of the 2 techniques were similar, but the second group showed faster recovery times, although some patients required a revision surgery. In fact the endoscopic techniques are not free from complications. Although these endoscopic approaches showed a reduction of recovery time, the most recent studies have detected postoperative complications related to the incision site and to the surgical technique, such as scar tenderness, persistent weakness, and neurovascular injury. 17, 21, 32 The minimally invasive techniques represent an alternative to obtain an improved balance between the "tissue-sparing surgery" and the respect for locoregional anatomy. Lee and Strickland 20 showed that the minimally invasive palmar approach is associated with satisfying results. In fact, the authors proved that preservation of the fascial convergence between the thenar and the hypothenar and the avoidance of a skin incision that crosses the wrist crease are the most important points for quick postoperative recovery. These findings led us to develop a new technique for the neurolysis of the median nerve. The DTT allows dissection of the TCL through a very small longitudinal skin incision (0.6 ± 0.05 cm) that is able to respect the neurovascular structures, whose integrity is mandatory to avoid short-and long-term complications.
In our experience, by limiting the incision length, respecting the palmar subcutaneous space, and remaining below the PF, it possible to reduce inflammation and bleeding, and therefore the postoperative pain and weakness, as well as the medium-and long-term complications and, consequently, the risk of recurrence. These data were recently confirmed by Klein et al. 18 There are several differences between the technique described by Klein and the DTT; these are as follows. 1) The Klein technique involves a palmar incision, whereas DTT entails a wrist incision, distally to the proximal wrist crease.
2) The Klein technique provides the division of the whole PF, to obtain a direct visualization of the TCL. According to our approach, only a small transverse incision (about 5 mm) is done where the antebrachial fascia continues with the PF, which remains intact. In this way the PF can be lifted up to create, by blunt dissection, the first "subfascial" tunnel. 3) According to the Klein technique the TCL is dissected under direct observation, whereas in our study the TCL is divided blindly. 4) The technique described by Klein et al. assumes that scissors are used to divide the TCL distally before and proximally after, using the slit forming a "V" to guide division, under direct observation. According to our technique, the TCL is divided from distal to proximal in a single surgical session. 5) The Klein technique does not entail the realization, by blunt dissection, of 2 tunnels necessary to guide the blind division of the TCL, as in DTT. 6) According to Klein, the division of the distal part of the TCL is the guide to subsequently perform the section of its proximal part. On the contrary, according to the DTT, the 2 tunnels act as guides for the total distal to proximal division of the ligament.
The DTT is a safe operation: it follows the anatomical safe zones according to Martin, and it respects the PF and the subcutaneous tissue to avoid the neurovascular structures. 23 Naturally, it is mandatory to perform a preoperative ultrasound evaluation (to exclude anatomical variations of the median nerve and the surrounding structures, flexors tenosynovitis, and space-occupying lesions 16 ) as well as to use cutaneous landmarks (to avoid damage to either the palmar cutaneous branch of the median nerve or the vascular branches of the superficial palmar arch).
conclusions
Each section of the BCTSQ showed better scores in patients treated using the DTT compared with patients treated using the standard open approach. There were no complications, either intraoperative or postoperative. There were no CTS recurrences. All patients showed a high global satisfaction level, according to the scales previously mentioned. Therefore, our technique represents a safe and effective approach for the CTS treatment, with clinically, functionally, and aesthetically satisfactory outcomes, as proved by questionnaire results and, moreover, by faster recovery times.
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